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Introduction

CD4
+ CD25 + Foxp3
+ regulatory T lymphocytes (Tregs) are specialized T cells that play a critical role in the control of immune homeostasis, the maintenance of immunological self-tolerance and in the regulation of antigen-induced responses including tumor immunity and transplantation (1). A key role for IFN-c in tolerance induction has been demonstrated in allergy, cell and organ transplantation, and autoimmunity including experimental autoimmune allergic encephalomyelitis (EAE) and glomerulonephritis (2-4). It has been reported that a significant amount of IFN-c is produced by PMA-/ionomycin-stimulated Foxp3
+ Tregs in vitro (5) 
, and that Tregs are unable to prevent collagen induced arthritis in IFN-c receptor deficient (IFN-c R
−/− ) mice (6) . In addition, alloantigen reactive CD4 + CD25
+ Tregs from tolerized mice, which were induced in vivo by pretreatment with donor alloantigen under the cover of anti-CD4 therapy, upregulate IFN-c expression rapidly and transiently with enhanced regulatory activity (7). However, it remains unclear how IFN-c produced by Tregs themselves might influence their suppressive function in vivo.
IFN-c has been identified as the activator of the JAK-STAT1 signal transduction pathway in various cell types through its specific receptor, the IFN-c R (8). Binding of IFN-c to IFN-c R induces IFN-c R oligomerization and activation of JAK1 and JAK2 by trans-phosphorylation. The activated JAKs phosphorylate the intracellular domain of the IFN-c R that then serves as a docking site for STAT1. STAT1 is phosphorylated on tyrosine 701, undergoes dimerization and translocates to the nucleus to promote IFN-c -regulated gene expression (9). It has been reported that STAT1-deficient mice have reduced numbers of naturally occurring CD4
+ CD25 + Tregs and develop EAE with increased frequency (10) 
. Despite these observations, whether IFNc triggered STAT1 activation plays an important role in regulating the suppressive function of Tregs in vivo is not clear.
In addition, it has been reported that biological response to IFN-c is also pleiotropic since the cytokine engages multiple signal-transduction pathways, including STAT1 dependent PI3'K-PKB/AKT, MEK-ERK or STAT1 independent pathways (9). Previous studies have reported that mouse CD4
+ CD25 + T cells reduce activation of PKB/AKT following TCR/CD28 stimulation (11) (14) . It 
Cell preparation
Single-cell suspensions from mouse spleen were isolated as previously described (16) 
Flow cytometric analysis
Standard surface and intracellular cytokine staining were preformed as described earlier (5) . Data were acquired using a FACSAria and analyzed using the Diva software package (BD Biosciences).
Immunoblotting and densitometry
Cell lysates were prepared for SDS-PAGE followed by immunoblotting as previously described earlier (28 (17, 18 (19) . Figure S1 shows 
vs. lane 2; and lower histogram). Our previous findings demonstrated that Tregs generated in IFN-c -deficient mice have impaired suppressive function and ability to control skin graft rejection (adoptive transfer of naïve T eff and IFN-c −/− Tregs resulted in seven out of nine mice rejecting their skin grafts) (7). Together, these data indicate that IFN-c produced by Tregs might enhance STAT1 activation thereby modifying Tregs function.
Enhanced STAT1 activation in tolerized CD4
+ CD25
+
T cells is dependent on IFN-c receptor ligation To ask whether the IFN-c R expressed by CD4 + CD25 + T cells in tolerized mice was responsible for IFN-c -induced STAT1 phosphorylation, we first confirmed that IFN-c Rs was expressed on CD4
+ CD25 + T cells ( Figure S2 
cells (Figure 4B; p < 0.01; n = 3). It is worth noting that the STAT1a phosphorylation level in IFN-
c R −/− tolerized CD4 + CD25 + T
cells was even lower than that detected in alloantigen-primed WT mice (Figure 4B, upper panel, lane 1 vs. lane 2). We also observed that IFN-c R--deficient Tregs had a reduced suppressive ability in vivo (four out of six mice reconstituted with naïve T eff and IFN-c R −/− Tregs rejected allogeneic skin grafts, data not shown). These data suggest that IFN-c R is important for STAT1 activation in tolerized Tregs and that increased IFN-c production in tolerized Tregs might ligate IFN-c receptors on themselves to induce the intracellular JAK-STAT1 signaling pathway in an autocrine manner.
Comparable levels of Foxp3 expression were detected in CD4
+ CD25 + T cells from unmanipulated naïve, alloantigenprimed and tolerized mice ( Figure S3A) 
WT mice or naïve/alloantigen-primed STAT1-deficient mice (Figure 5B
).
These data together indicate that tolerized Tregs upregulate IFN-c production, which enhances STAT1 activation, but suppresses STAT1-dependent AKT activation. This signaling pathway is important for the capacity of tolerized Tregs to prevent allogeneic skin graft rejection in vivo.
Discussion
Here we demonstrate that enhanced IFN- (Figures 1, 3, 4 (Figure 1B, C) . Importantly, the enhanced STAT1 activation and decreased AKT activation are in the same signaling pathway induced by IFN-c in Tregs (Figure 5B) , and is required for alloantigen reactive Tregs from tolerized mice to control allogeneic skin graft rejection in vivo (Figure 2 ).
and 5). By contrast, STAT5 or ERK phosphorylation/activation is not affected
It was interesting to note that CD4
+ Foxp3 + Tregs showed significantly increased STAT1 phosphorylation compared to CD4 + Foxp3 − T cells from either unmanipulated naïve mice or tolerized mice ( Figure 1D and Supporting Figure S1) (Figure 2 (25 
is consistent with findings from other laboratories, demonstrating that IFN-c exerts its effects on cells by interacting with its specific receptors (8). The source of IFN-c may not only come from the Tregs themselves but also from other cell types, including recently activated Th1 cells and NK cells and APCs (8). Further, IFNc also affects the function of other cell types, such as the expression of indoleamine-2,3-dioxygenase (IDO) by macrophages or dendritic cells (DCs). IDO-induced tryptophan breakdown is necessary for maintenance of various aspects of immune tolerance
